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SUMMARY 


A new interactive computer program provides an interface for the passage of 
configuration geometry data between the Rockwell Configuration Development System 
(CDS) and aerodynamic design and analysis codes using a wireframe geometry 
format. Aircraft geometry can be rapidly developed in CDS, converted to the 
wireframe geometry format and analyzed. Wireframe geometry files modified in the 
analysis process can be converted into CDS geometry files and examined for 
physical viability. Previously created wireframe geometry files may also be 
converted into CDS geometry files. 


INTRODUCTION 

Although aircraft geometry description can be conveniently developed using 
interactive computer programs, configuration development requires that geometry 
data be passed between the original programs and other codes, such as those for 
predicting aerodynamic characteristics. The Configuration Development System 
(CDS) described in reference 1, provides a convenient method of developing 
aircraft geometry on the PRIME minicomputer (ref. 2). Initially, no program 
existed to pass the geometry data between CDS and aerodynamic analysis codes 
which reside on the NOS mainframe computers at NASA Langley Research Center 
(ref. 3). The process of manually preparing new data files to pass geometry data 
between codes is tedious and time-consuming (ref. 4). A computer program has 
been developed on the PRIME minicomputer to enable such geometry data transfers 
both to and from the CDS code. The geometry-data format for the required 
analysis codes is commonly referred to as the "old wave-drag format;" this 
produces a "wireframe" geometry model. There are two versions of the wave-drag 
geometry formats (refs. 5 and 6) which differ only slightly in the number of 
descriptive elements allowed. The conversion code of this report uses the 
restrictions contained in reference 6. Other codes already exist to convert 
files from the old wave-drag format to other wireframe geometry formats (ref. 7). 

The following sections present discussions of the geometry formats and their 
restrictions, descriptions of the process of executing the geometry file 
conversion, and examples of converting geometry files. The report also describes 
how to transfer files between the PRIME minicomputer and the NOS mainframe 
computer system (Appendices A and B); another section contains discussions on the 
use of a NOS plotting program to check the resulting geometry in the old wave- 
drag format. Additional descriptions cover programs to interpret the CDS binary 
geometry file and to pass geometry to the Langley Wireframe Geometry Standard 
(LaWGS) format (ref. 8), the Hess geometry format, and the arbitrary geometry 
format (ref. 9). 



CODE DESCRIPTION 


The computer program to convert data files between geometry formats is 
located on a PRIME computer since the CDS binary geometry file is located on PRIME 
and cannot be transferred between computer systems. The wave-drag format is a 
card-image file and may be directly transferred between systems (Appendices A 
and 8). 

Program CDS2BDP allows the conversion of data files between the CDS geometry 
format and wave-drag format. In either case, it is necessary to input the name of 
the input file and the desired name of the output file. When converting from CDS 
to wave-drag format, many restrictions affect the input data file and many 
additional inputs are required from the user. Some additions to the wave-drag 
format file are necessary after the conversion process. When passing data from 
the wave-drag geometry format to CDS, there are no restrictions on the input data 
and no other inputs are required from the user; however, some additions and 
modifications to the CDS file are recommended after the conversion process. The 
specific details of the code, the restrictions on the input data, and the 
interactive inputs required from the user are discussed in the following sections. 


CDS to Wave-Drag Format 

Restrictions.- The CDS file must contain components in this order: wing, 

fuselage, nacelles, fins, and canards/horizontal tails. The conversion code 
prints a list of the components and their order on the screen and gives the user 
an opportunity to terminate execution of the program if the components are not in 
the proper order. The proper order is also listed on the screen. All components 
in CDS should be in surface-point form for accurate conversion. 

The wing may consist of several different components; however, a maximum of 
20 spanwise sections can be used. The wing sections must be ordered from inboard 
to outboard. Each airfoil section can contain any number of points; a cubic 
spline routine finds 20 points along the chord at which the airfoil is defined. 
(This is the equivalent of 40 points per airfoil section in CDS.) The list of 
points defining the airfoil can begin with the leading or trailing edge. If the 
airfoil has an unusual shape with few points, the conversion may not be 
accurate. Also, each airfoil section in CDS should not contain coincidental 
points, other than the leading and trail ing-edge points, to prevent inaccuracies 
in the conversion. 

Like the wing, the fuselage can also be defined as several components; 
however, each component must have the same number of points in each cross section 
and each cross section can contain a maximum of 30 points per half section. The 
CDS geometry file contains more than four fuselage components. The conversion 
program produces a fuselage defined by the minimum number of components possible 
in the wave-drag format. The wave-drag format allows four fuselage components; if 
a fifth component is required, program execution stops. Use of fuselage 
components with the same number of points per cross section insures that the 
minimum number of wave-drag format components are generated. When the cambered 
circular fuselage is chosen, the fuselage will be transferred as circular sections 
of equivalent area with the midpoint of the circle at the midpoint of a line 
connecting the minimun and maximum z-locations. 
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The aircraft configuration elements can include up to three pods or nacelles 
on each side of the vehicle. (Nacelles must each have the same number of cross 
sections.) The point definition for each cross section used in CDS is converted 
to an equivalent radius, so the number of points per cross section is not 
critical. Additionally, there is no requirement that each component have the same 
number of points per cross section. 

A maximum of six fins are allowed with three on each side for a symmetrical 
configuration. As with the wing, coincident points other than as the first and 
last points of the airfoil section cause inaccuracies for the wave-drag format. A 
cubic spline converts any number of points per cross section to 10, which is what 
is allowed in the old wave-drag format. Only the root and tip airfoil sections 
are preserved in the conversion. Cant effects are automatically included in the 
conversion process. 

There may be two canards or horizontal tails. Again, as with the wing and 
fins, coincident points are limited to the first and last points of the airfoil 
section. A cubic spline converts any number of points per cross section to 
10 points; the program retains only the root and tip airfoil sections. The final 
product does include dihedral effects. 

USER INPUT DESCRIPTION.- The user input required to convert a CDS geometry 
file to the old wave-drag geometry format is described in the following section. 
(The text presented here totally in capital letters is displayed on the computer 
terminal screen.) 

CONVERT BDAP TO CDS/CDS TO BDAP: Selects the direction of file transfer. 

CDS FILE: The name of the CDS file to be converted. 

BDAP FILE: The name of the file that will contain the wave-drag format 

description. 

COMPONENTS IN RIGHT ORDER: If the components are not in the correct order, 

the program allows an exit at this point by inputting a 2. It is necessary 
to go back into CDS to modify the component order. This can be done by 
moving all components from the permanent file into the work file, deleting 
all components in the permanent file, and then putting the components from 
the work file back into the permanent file, one by one, in the correct order. 

REFERENCE AREA: Two choices exist for this input. The first is for the user 

to input the reference area. The other requires the indication of the wing 
component number; this allows the code to find the reference area in the 
component data portion of the wing component. If the user definition is 
chosen, a prompt asks for the reference area to be specified. If the wing 
component option is chosen, the program calls for the wing component 
number. If the reference area is not defined in the component data section, 
output to the screen indicates this, and the options for inputting reference 
area are presented again. The reference area must be defined in one of these 
methods. 
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INPUT CODES: These inputs are used to tell the computer whether or not the 

specific types of components are present in the CDS file. If the component 
type exists, a "1" should be entered; otherwise, a "0" should be entered. 

NUMBER OF COMPONENTS: This tells how many of each type of component are 

present in the CDS file. This question is only asked for those components 
which were indicated to be present. 

FUSELAGE OPTION: The fuselage can be converted into one of two forms. The 
first consists of arbitrary points (the y's and z's of each point in the 
cross section are given). The second option is for the equivalent cambered 
circular sections to be output. The center of each circular cross section 
lies in the plane of the y-z axis and has a z value equal to the midpoint 
between the maximum and minimum z values of that section. 

SCALE FACTOR: This will convert the CDS dimensions to dimensions of the 

user's choosing. The default value is 1.0. 

Samples of input to the program are contained in the section entitled "Sample 
Cases." The program prompts for all inputs. 

Certain analysis codes require additions to the file of wave-drag geometry 
format produced by this code. Specifically, the mean aerodynamic chord, c, and 
the x-location of the center of gravity, x c q , must be included. This can be 
accomplished by manually editing the file and* inserting these values in line 3, 
columns 8-14 and 15-22, respectively. (Line 3 initially contains only the wing 
reference area.) 


Wave-Drag Format to CDS 

Restrictions.- No restrictions are required on the wave-drag format geometry 
file for conversion to a file acceptable to CDS; any vehicle description written 
in the wave-drag format can be converted to a data file for CDS. 

The conversion process does lose some of the information contained in the 
wave-drag format file and operates with certain default labels for files. The 
process does not carry the wing area, mean aerodynamic chord, and x-location of 
the center of gravity into the CDS geometry file. Additionally, "BDAP FILE" is 
always the CDS internal file name, "V JOHNSON" is the designer's name, and "AAA" 
is the protect code. These parameters can be changed in CDS using the CHANGE 
command. The conversion produces surface-point definitions of all components. 


ACCESS TO COMPUTER CODE 

The computer code to transfer geometry between CDS and the wave-drag format 
is located on the PRIME minicomputer system in the CDS user file directory (UFD) 
under the name CDS2BDP. To run the program from an individual user's UFD, enter: 

R CDS>CDS2BDP 
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The files to be converted, as well as the files created, must be located in the 
user's UFD. 


SAMPLE CASES 


The following three cases illustrate the use of the conversion program. 
Additionally, example 2 contains extra information which may be helpful for 
trouble-shooting other cases. 

Example 1 .- An unusual aircraft configuration created in CDS (fig. la) 
provides an example to illustrate numerous features of the conversion program. 
The preceeding section describes how to access the program. The following 
material illustrates the prompting questions and appropriate answers. 

BDAP to CDS or CDS to BDAP: 2 (Convert CDS to wave drag) 

INPUT CDS FILE: ‘EXPFTP' (Single quotes required) 

OUTPUT BDAP FILE: 'BDPFTR' (Single quotes required) 

Components in correct order?: 1 (Yes) 

REFERENCE AREA: 2 (Use component definition of 

wing area) 

COMPONENT NUMBER: 1 (Wing component is 1, 64A 

blended wing) 

WING INPUT CODE: 1 (Yes, a wing exists) 

FUSELAGE INPUT CODE: 1 (Yes, a fuselage exists) 

NACELLE INPUT CODE: 1 (Yes, nacelles exist) 

FIN INPUT CODE: 1 (Yes, fin exists) 

CANARD INPUT CODE: 1 (Yes, canards exist) 

NO. OF WING COMPONENTS: 1 

NO. OF FUSELAGE COMPONENTS: 3 

FUSELAGE TYPE: 1 (Arbitrary) 

NO. OF PODS: 3 

NO. OF FINS: 4 

NO. OF CANARDS/HORIZONTAL TAILS: 1 

SCALE FACTOR FOR LENGTH: 0.0833 (inches to feet) 

Copies of the terminal screen during the conversion process are shown in 
Appendix E, part 1. 


5 



After transferring the wave-drag file (BDPFTR) to NOS (see Appendix A for 
details on how to accomplish this transfer), the file can be plotted using 
SEEAC. To use this program on NOS enter: 

GET,SEEAC/UN=273347N 

SEEAC.filename 

where filename is the name of the wave-drag file on NOS. A three-view drawing 
created using SEEAC on NOS is shown in figure lb. 

Example 2.- A Bomarc missile geometry was modeled in CDS (fig. 2a). The 


program is run as described above and the 
manner: 

BDAP to CDS or CDS to BDAP: 2 

INPUT CDS FILE: 'BOMARC' 

OUTPUT BDAP FILE: 'BOMARC' 

COMPONENTS IN CORRECT ORDER?: 1 

REFERENCE AREA: 2 

COMPONENT NUMBER: 1 

WING INPUT CODE: 1 

FUSELAGE INPUT CODE: 1 

NACELLE INPUT CODE: 1 

FIN INPUT CODE: 1 

CANARD INPUT CODE: 1 

NO. OF WING COMPONENTS: 1 

NO. OF FUSELAGE COMPONENTS: 1 

FUSELAGE TYPE: 2 

NO. OF PODS: 1 

NO. OF FINS: 2 

NO. OF CANARDS/HORIZONTAL TAILS: 
SCALE FACTOR FOR LENGTH: 1.0 


questions answered in the following 

(Convert CDS to wave drag) 
(Single quotes required) 
(Single quotes required) 
(Yes) 

(Use component definition of 
wing area) 

(Blended wing) 

(Yes, a wing exists) 

(Yes, a fuselage exists) 

(Yes, a nacelle exists) 

(Yes, fins exist) 

(Yes, a tail exists) 

(Cambered circular) 

1 

(no change) 
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Copies of the terminal screen during the conversion process are shown in 
Appendix E, part 2. The resulting wave-drag geometry format file is shown in 


Appendix E, part 3. A three-view drawing created using SEEAC on NOS is shown in 
figure 2b. The simplistic constraints on fin definition (due to the wave-drag 
data format) reduce the vertical fin to a single triangle. 

Occasionally a problem may arise in the file transfer due to unforeseen 
circumstances. When that occurs, it is possible to use a program called RDCDS to 
see exactly what the CDS binary data file contains before any kind of conversion 
is made. RDCDS reads the data file and generates a file containing an interpreted 
version of the data. Descriptions of the CDS parameters used can be found in 
reference 1. 

For the Bomarc missile, RDCDS was run by entering: 

R CDS>RDCDS 

The questions were answered in the following manner: 

GEOMETRY OUTPUT: 2 (CDS output file only) 

INPUT CDS FILE: 'BOMARC' (Single quotes required) 

OUTPUT CDS FILE: ' RDMARC ' (Single quotes required) 

A copy of the terminal screen generated while executing RDCDS is shown in 
Appendix E, part 4. Appendix E, part 5, shows a partial listing of the resulting 
interpreted CDS file (RDMARC). 

RDCDS will also convert CDS geometry to the LaWGS (Langley Wireframe Geometry 
Standard) format (ref. 8) and to the Hess wireframe geometry format. When the 
option is selected to convert to one of these formats, the CDS output file is also 
generated. File names are required for both the special format file and the CDS 
output file. Details on RDCDS are contained in Appendix C and on CDS2LRC (a 
program to convert from CDS to the Langley Wireframe Geometry Standard Format) in 
Appendix D. 

Example 3 .- A wave-drag format model of the AST-205 located on NOS 
illustrates the process of transferring a file from the wave-drag format to CDS. 

A three-view drawing of the AST-205, prepared with SEEAC on NOS, is shown in 
figure 3a. The file (AST-205) must be transferred from NOS to PRIME in order to 
use the conversion code. Appendix B contains the details on how to accomplish the 
file transfer between NOS and PRIME. It is necessary to edit the wave-drag format 

geometry file after it has been transferred to PRIME and remove the dayfile 

created during the transfer process before attempting to convert the file to the 
CDS binary format. Once the dayfile has been removed, CDS2BDP is run and the 
questions answered in the following manner: 

BDAP to CDS or CDS to BDAP: 1 (Wave drag to CDS) 

INPUT BDAP FILE: 'AST205' (Single quotes required) 

OUTPUT CDS FILE: 'CDSAST' (Single quotes required) 

A copy of the terminal screen during this process is shown in part 6 of 
Appendix E. Figure 3b shows the three-view drawing of the CDS geometry file 
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(CDSAST) made using CDS. The required input from the user is much less when 
transferring from the wave-drag format to CDS; the chance of encountering a 
problem is also greatly reduced. 


CONCLUDING REMARKS 

A computer program has been written on the PRIME minicomputer to convert 
between geometry in the Rockwell International Configuration Development System 
(CDS) and the wave-drag format. Details on this conversion process are 
presented. Also presented are details on related CDS geometry conversion 
programs. Samples show that the conversion process works. In certain cases, a 
considerable amount of information is required from the user and some additions 
and modifications to the resulting geometry files are required but the bulk of the 
data transfer occurs automatically. The program provides a useful link between a 
geometry creation and manipulation code and analysis codes by providing rapid and 
accurate geometry conversion. 
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APPENDIX A 


TRANSFERRING FILES FROM PRIME TO NOS 

To transfer the wave-drag geometry card image file from PRIME to NOS, first 
create a procedure file on PRIME that looks like: 

JOB » » . 

USER... 

CHARGE... 

COPY, INPUT, FILE. file 'SEND' 

REWIND, FILE. 

RFPI AFF FTI F 

DELIVER. $PATHNAME>FILE. SEND 
EXIT. 

0 


CARD -IMAGE 
FILE 


where FILE is the name the card- image will be stored as on NOS and PATHNAME is the 
user's pathname. The user number, password, and charge number should be those 
valid on NOS. To send the file just created ('SEND') to NOS, give the command: 

RJSEND SEND CDC 

The status of the file transfer may be checked by commanding: 

STATRJ 

The card- image file will be saved as a permanent file with the name FILE on NOS. 
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APPENDIX B 


TRANSFERRING FILES FROM NOS TO PRIME 

To transfer a card- image file from NOS to PRIME, first create a file on PRIME 
that looks like: 

JOB • • • 

USER... 

CHARGE... file ‘SEND* 

DELIVER. $PATHNAME>FILE 
GET, FILE. 

COPYSBF, FILE, OUTPUT. 

where FILE is the name of the card- image file on NOS and on PRIME and PATHNAME is 
the user's pathname. The user number, password, and charge number should be those 
valid on NOS. To send the file just created ('SEND') to retrieve the NOS file, 
command: 


RJSEND SEND CDC 

The status of the file transfer may be checked by: 

STATRJ 

The card- image file will be saved on PRIME with the name FILE. It will be 
necessary to edit FILE and delete the dayfile at the top before using the file. 
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APPENDIX C 


CONVERSION FROM CDS TO OTHER GEOMETRY FORMATS 

A computer program (RDCDS) has been developed on the PRIME minicomputer to 
read the CDS geometry file and convert it to other forms. The options include the 
arbitrary geometry format (ref. 9), the Hess geometry format, or a file that 
contains a readable version of the data in the CDS geometry file. The readable 
CDS file is also produced if the arbitrary geometry or Hess formats are 
selected. The variable names used in the readable CDS file are consistent with 
those used to describe the CDS geometry format in Appendix C of the CDS user's 
manual (ref. 1). 

RDCDS is located in the CDS UFD. To run the code, enter from the user's UFD: 
R CDS>RDCDS 

Required inputs include the file name of the CDS geometry file and selection of 
the resulting output type. If the Hess format or the readable CDS file option is 
selected, no further inputs from the user are required. A component list is 
output to the screen and each component is identified as it is dealt with. The 
file names requested contain the appropriate information after execution of the 
code is complete. A copy of the terminal screen during the conversion process to 
the readable CDS file for the Bomarc missile example is shown in Appendix E, 
part 4; part 5 of Appendix E presents a partial listing of the resulting readable 
CDS geometry file as discussed in the example section in the text. A copy of the 
terminal screen during the conversion process to the Hess format and a partial 
resulting geometry listing are presented in Appendix E, parts 7 and 8, 
respectively. Modifications to the Hess format file may be required for use in 
certain applications programs. A typical change is the addition of a digit to the 
end of each line to indicate if the component is a lifting surface. 

When the arbitrary geometry format is selected, the user must supply 
additional information. This information is primarily related to options for the 
zero-lift wave-drag program. The requirement for wing reference area must be 
satisfied by either giving a nominal value or identifying the wing component 
number. If the wing component number is selected and the wing component does not 
contain the reference area in the proper data position, a message appears to 
indicate that the reference area is not defined; control then returns to the 
option to select the reference area input method. If the reference area is not 
defined in the wing component, the user should input an area. The next input 
required from the user is an option controlling the amount of output printed from 
the wave-drag program. Following that, a scale factor must be selected. (It is 
possible to select no scale factor, a scale factor for the entire configuration, 
or a scale factor for each component. If a scale factor for each component is 
selected, it must be input for each component.) The final required input is the 
specification of the surface type, either fusiform or nonfusiform, for each 
component. Generally, fuselage and pod components are fusiform while wing and 
tail components are nonfusiform. Reference B contains a detailed description of 
this parameter and the others related to the wave drag program. 
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Example for Arbitrary Geometry Format .- For the Bomarc missile, RDCDS is 
as described above and the questions are answered in the following manner: 


GEOMETRY OUTPUT: 0 

INPUT CDS FILE: 'BOMARC' 

OUTPUT ARB. GEO. FILE: 'BOMARCA' 

OUTPUT CDS FILE: ' B0MARC3 1 

REFERENCE AREA OPTION: 1 

REFERENCE AREA: 3.51 

PRINT OPTION: 0 


(Arbitrary geometry format) 
(Single quotes required) 
(Single quotes required) 
(Single quotes required) 

(User input) 

(Same units as CDS geometry 

(No extra output in wave- drag 
program) 


SCALE FACTOR: 0 


(No scale factor) 


SURFACE TYPES: 1 

0 
0 
1 
1 
1 


(Wing - nonfusiform) 
(Fuselage - fusiform) 

(pods - fusiform) 

(Vert, fin - nonfusiform) 
(Pylon fins - nonfusiform) 
(Hor. tail - nonfusiform) 


Copies of the terminal screen during the conversion process are shown in 
Appendix E, part 9. Appendix E, part 10, presents a partial listing of the 
resulting arbitrary geometry file. This file may be plotted on NOS using the 
program DRAWAC. To use this program, enter: 


GET,DRAWAC/UN=273347N. 


DRAWAC, filename. 


where filename is the name of the arbitrary geometry file on NOS. 


run 
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APPENDIX D 


CDS TO LAWGS CONVERSION CODE 

A translator has been written on the PRIME minicomputer to convert geometry 
in CDS to the Langley Wireframe Geometry Standard (LaWGS) format described in 
reference 8. However, the translator from LaWGS to CDS does not exist as of this 
writing. 

As discussed in reference 8, the LaWGS format allows for both global and 
local coordinates. The CDS-LaWGS translator converts CDS components to either 
local coordinates or to the global coordinate system. Each CDS component must be 
in surface-point form, have an equal number of points per cross section, and 
contain more than one point per cross section. There is no limit to the number of 
CDS components allowed, and any size CDS component will transfer to the LaWGS 
format. 

To run the code, enter from the user's UFD: 

R CDS>CDS2LRC 

The required inputs to the translator consist of the name of the input CDS file, 
the desired name of the output LaWGS file, and the desired type of LaWGS file 
(local or global). The file names must be enclosed in single quotes. The 
remainder of the process is automatic. A copy of the terminal screen during the 
conversion process for the previous Bomarc missile example is shown in Appendix E, 
part 11. The output LaWGS file is located in the file name requested by the 
user. Appendix E, part 12, gives a partial listing of the resulting output file. 

A program to plot geometry in the LaWGS format does not exist as of this 
writing. Additionally, the number of applications codes that can use LaWGS is 
currently very limited. 
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APPENDIX E 


SCREEN IMAGES OF FILE LISTINGS AND PROGRAM OPERATION 

Screen images have been recorded to illustrate both program operations and 
output files. Screen "dumps" from operations on an interactive terminal produced 
the following sets of images. The Appendix is subdivided into 12 parts each of 
which is a separate set of screen images. The parts are numbered at the bottom of 
the appendix pages. 
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ENTER NUrtBER Of CANARDS (HORIZONTAL TAILS) TO READ 
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Listing 2.- Bomarc missile CDS to wave-drag conversion. 
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Listing 3.- Bomarc missile wave-drag file. 
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Listing 4.- Bomarc RDCDS terminal screen. 


Lfl 

AKO(U<H|/| 

nj<o*cu 

*iocu 

(UQMUIflfUOinJ 

OOin®<09toOO 

oonrm 

con 

©to© mco 

®r-to^ 

or-® 

meuto 

hh(MjJOI*<*h 


tor- co 01 

coin 

to* tolAlO 

to run® 

•■« © © *•• ® © »■* 

*®-*®**®* 

nnnn 

m-a 


©CUCU© 

ruevi® 

nfiotuvAioon 

0«4H^WHQ 

0000 

r- ▼ 

ri® m*c^ 

9999 

9 9 9 9 

®® ® 

* ♦ ♦ 

cuno*® r- emu 

® ® ® ® 9® ® 

VlflUMP 

» • • 9 


©©©««©©© ©©©©©©© © ® ® -• © ©9 9090909 9099 

II II lit III 




9(0 to 

©inin 

©r-o- 

© ru ru 

©9® 

® 


• • • 

® 


©9®® 

® 


90 1 

© 


® 

® 


n 

9 


©■* 

(0 


9 



® 

® 



® 


It ft R 

® 


3XZ 

® 


«<Tm 

® 

© 

>EK 


to 

km 

in 

to 

© 

01 

« ©to to 


01 

ru®r- to 


n 

|-®fU~< 

cn ® 

• ■ 

©toto 

® «r^© 

Uf ® 

«H fr* 

»-< 9 

© 

9© • • 

0 © 

0 

© ©^ 

=5 © 

1- 

<n * 

z 

ru 

© 1 © 



© 

3 

O 

-1® 9 

© 


Ll © 

to 

a 

® 

to ■ 

« to 

a ® 

<t ® 

85 

x » * ac 

OXIUJ 

z 

• in 

H «t-t^ 

~ Cl 

c 

©*-« 

►-m c 
• «L>> 

« 

® 

> © 

•J 


(-©toto© 

©coo© 

0 


a © 


r> ©o©© 

0 © 


to® to to® 

Ll- © 


▼ ® * 

© 

■ 

00 • • • © 

Ui ^4 • 

< 0 flLtoto©«*®® 

j cu 

o»»-r- • ® 


o®«~« 

9- © 

<n 

UJ 10 



S^D 


*-• ®z • 

© 

XT ®UI® 

▼ 

to © -J 

in 

0 00 © 

flft 

00 

. 0® 


a \ 

• <t oa • 

<3 ft 

** a a ft 7 to 

Jr ru <x -* 

z 0 

~JXZQ.ru 

jo »- \ r 

*-• u 

a J^h[ V 

3 ® 01^0 

3 to 

xozcor- 

at* tj®® 

z 

httXXOO 


^wtototoT-'Oo®oo~»to©<\)eo©r-©*T-<MOoair r Mi>tor-©®to©©coru©© 

co^oocooTC7>r-<0«-«CT><o(\jr'®®'*u>r- < T«-ir- < TOo®m^,-«c7>’TU>®vflf-coo 

to r- in © r> n © cu 10 © <0 10 01 t cu © © r- in <010 cu cu o> to o cu m 00 •* in © nei to to 
to©tor-©rutooo©tucu®*-<<u**©<unto(^©ft]to©©©~«©®*"i®©tototo® 
f^to*HOOLnn( 0 t^©®©©®®©©curM 0 tooo^cu(u©©©©®©©©< 0 i 0 i 0<0 

®©®©®©©®©®©®®©©©©®®®®®©®©®®©©©©®®®©® 

i» iti 111 111 


©to' 9 totooott®coooc 0 a>to'r*r-«-«^< 0 to©on~ 4 to©ooo 9 tor-aj®ooQo©aooo 
® ©oo^iMUioim^M/ifun^iiMuco® i/iojf^ mi^*® ♦M s *^iftnr-{y»uir k ‘f-(io 
totor-r-to**«9T r >tot0f-toi0io***toto©«-tooton9-njr(ut0r-cui0*'ttonnto 
< 0 to<reoo>to 9 >r-®^cu~«*"i<u-*©«HtotoOnr< 0 r-~«®®«~©©w®©totototo 
r* to© coin cum r- ©®® ©9® ®® cucum® oo^rcuru®®®®®®®® ©toto <0 

®®®®®®®®®©®®©®®®®®®®®®®®®®®®®®®®®®®© 

tit iii 1 1 1 1 1 1 1 1 


0»oocono>*’u>a>(^*"*’n(u<0ooa)o)~«oo®ok'£i»t~4fiochnjr'r>nce®tti®u>r- 
in torn cu©w®© cv©-« manor- ~t©r- nr- cum ©tutor- -< to -«f- r- <r u> r- r- to 

' T >*9*-<inr-r'toto^3’u>ic , nr-<0t/>^toLrco*-*®LrKO-ti0ftjr-u>(\iO‘rutomnin 
r* ^rr r iC 7 ico , rc 7 )a)®-‘ru— <*'*ru^® .-•r^<i)^toir>to*«®®—t®®«"«®©totou»to 

r- 10 ru m <0 ® in r- © © © © © © © © cu aj ▼ 00 00 u> cu cu © © © © © © © © id <0 © 10 

999999999999999999999999999999999999 

iti 111 1 1 1 1 1111 


oc~*T<x)totow«^®»ej©to — w®torua>^'O* < *©i^©©< 0 ®©o-UKS»coto'rin 
r-to'etonoco^oo®©r-fuujto"r-»toro'co-~»^r-i 0 *©to^rto^<rc r j©< 0 icr^co 

ru ® m n ® in r- to ® tu * to a> in © © 01 cu cu id u> in r- ® ® m -* co to cu to n n ro n m 
ootoru®r-to®in©-«ni*-®ru;u®©tofu©r-tonru®©~‘®®’.*«©®totototo 
r-iDtoinoo^int-©©®©©®®©cuoj’'rootoi 0 nTU©©®®©®®®i 0 « 0 i 0 © 

999999999999999999999999999999999999 

iii ti tilt 1 1 1 1 


*4 


ru 

ru 

to 

to 

to 

to 

VI 

to 

0 

u 

O 

0 

O 

> 

M 

> 

r>i 

> 


21 


Listing 5.- Bonarc RDCDS partial file 
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Listing 6.- AST-205 wave-drag to COS conversion. 
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Listing 7.- CDS to Hess format transfer of Bomarc missile configuration. 
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Listing 8.- Partial listing of Bomarc missile in Hess format file 
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Listing 8.- Concluded 
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Listing 9.- CDS to arbitrary geometry format transfer of Bomarc missile 
configuration. 
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Listing 10.- Partial listing of Bomarc missile in arbitrary geometry format 
file. 
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Listing 10.- Concluded 
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Listing 11.- CDS to LaWGS conversion 
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Listing 12.- Partial listing of Bomarc missile in LaWGS geometry format. 
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Three- view drawing on NOS. 
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